Duodenal diverticula (DD) are frequently encountered and are usually asymptomatic, with an incidence at autopsy of 22%. Perforation of DD is a rare complication (around 160 cases reported) with potentially dramatic consequences. However, little evidence regarding its treatment is available in the literature. The aim of this study was to review our experience of perforated DD, with a focus on surgical management. Between January 2001 and June 2011, all perforated DD were retrospectively reviewed at a single centre. Seven cases (5 women and 2 men; median age: 72.4 years old, rang: 48-91 years) were found. The median American Society of Anesthesiologists' score in this population was 3 (range: 3-4). The perforation was located in the second portion of duodenum (D2) in six patients and in the third portion (D3) in one patient. Six of these patients were treated surgically: five patients underwent DD resection with direct closure and one was treated by surgical drainage and laparostomy. One patient was treated conservatively. One patient died and one patient presented a leak that was successfully treated conservatively. The median hospital stay was 21.1 d (range: 15-30 d). Perforated DD is an uncommon presentation of a common pathology. Diverticular excision with direct closure seems to offer the best chance of survival and was associated with a low morbidity, even in fragile patients. 
Abstract
Duodenal diverticula (DD) are frequently encountered and are usually asymptomatic, with an incidence at autopsy of 22%. Perforation of DD is a rare complication (around 160 cases reported) with potentially dramatic consequences. However, little evidence regarding its treatment is available in the literature. The aim of this study was to review our experience of perforated DD, with a focus on surgical management. Between January 2001 and June 2011, all perforated DD were retrospectively reviewed at a single centre. Seven cases (5 women and 2 men; median age: 72.4 years old, rang: 48-91 years) were found. The median American Society of Anesthesiologists' score in this population was 3 (range: 3-4). The perforation was located in the second portion of duodenum (D2) in six patients and in the third portion (D3) in one patient. Six of these patients were treated surgically: five patients underwent DD resection with direct closure and one was treated by surgical drainage and laparostomy. One patient was treated conservatively. One patient died and one patient presented a leak that was successfully treated conservatively. The median hospital stay was 21.1 d (range: 15-30 d). Perforated DD is an uncommon presentation of a common pathology. Diverticular excision with direct closure seems to offer the best chance of survival and was associated with a low morbidity, even in fragile patients.
INTRODUCTION
Duodenal diverticulum (DD) is common, with a reported prevalence of 22% at autopsy [1] . A similar incidence has been reported during endoscopicretrograde cholangiopancreatography (ERCP) [2, 3] . The most frequent location is the second and third portions of the duodenum (D2-D3) [4] . Although, DD is rarely symptomatic and only 5% of patients present with symptoms due to the compression of neighbouring organs, cholestasis (in cases of periampullary diverticulum), haemorrhage, inflammation or perforation [4] . One hundred and sixty-two cases of perforated DD have been reported in the literature [5] [6] [7] [8] . The supposed cause of perforation in 57% of cases is ischaemic processes due to distension related to food retention in the diverticula [9] . Other reported causes are ulcerations, enterocolitihs, blunt abdominal trauma and perforation due to the ERCP procedure [5, [9] [10] [11] [12] . However, diagnosis remains a challenge, with many potential differential diagnoses, including perforated duodenal ulcer. Helical computed tomography (CT) has emerged as a useful diagnostic tool and most centers now use CT routinely to confirm the diagnosis. Yet surgical exploration in unstable and septic patients is still considered mandatory, especially if the diagnosis is not clear [13, 14] . The appropriate surgical management remains under debate. A surgical approach is usually advocated. However, some groups [5, 14, 15] have reported using a more conservative approach, and demonstrated that non-operative management is a safe and practical alternative to surgery in selected patients. The aim of this study was to review our 11-year experience with perforated DD at a single centre with a special focus on surgical management.
CASE REPORT
Between January 2001 and June 2011, all perforated DD were retrospectively reviewed at a single center. Only non-traumatic cases were included. Iatrogenic perforations (e.g. during endoscopy) were excluded from the study. For all the analyzed patients a CT-scan was performed at the admission. Seven cases (five women and two men; median age: 72.4 years old, range: 48-91 years) were found. The median American Society of Anesthesiologists' (ASA) score in this population was 3 (range: 3-4). Six cases were treated surgically and one with a nasogastric tube and antibiotics (Taylor's approach for upper digestive perforation).
We report herein a series of seven cases of spontaneous DD perforation ( Table 1 ). The clinical presentation was abdominal pain in six cases and bilateral basithoracic pain in one case. Of note, only one patient was admitted with severe septic shock. All the patients presented elevated leucocyte count and C-reactive protein. Diagnosis was performed by CT scans in 42.8% (3 out of 7) of the cases (Figure 1) . Diagnosis of the other cases was made intra-operatively. Six patients underwent surgery (85.7%). Of these, five cases had an ASA score of 3 and one an ASA score of 4. The perforated DD was located at the D2 level in six cases (85.7%) (Figure 2A and B) and at the D3 level in one case. All the patients received endovenous antibiotics therapy for 10 d (ceftriaxone and metronidazole). In five cases surgical treatment ( Table 2) involved resection of the DD and direct duodenal suture. A nutritional jejunostomy was also performed in three cases.
A transpapillary bilio-duodenal drain was used in the patient with a D3 perforation due to the proximity of Vater's papilla. Only one patient presented with septic shock, and at laparotomy, a damage control approach was chosen (drainage and laparostomy) given the instability of the patient, and the important bowel edema that did not allowed to close the abdominal wall.
The non-surgically treated case was treated with antibiotics and a naso-gastric tube because presented with only bilateral basithoracic pain, and a diagnosis of a cover DD perforation was performed on CT scan. An image control (Upper passage opacification Rx with gastrographine ® ) was performed after 7 d after the oral intake. In terms of outcome, a suture leak occurred in one patient at post-operative day-5; this leak did not require surgery and was conservatively treated with success (nasogastric tube and endovenous antibiotics). One patient died (mortality: 14.3%) after a cardiac complication-cardiac failure. This patient was admitted in a critical condition with severe septic shock and the preferred surgical treatment was damage control surgery. Oral intake was restored for all the patients on average seven days after the operation. 
DISCUSSION
Perforation is an uncommon complication of DD and also one of the most serious [16] . In this paper, we present one of the largest series (seven patients) published to date. The overall outcomes are encouraging, with a low mortality rate and acceptable morbidity. In fact, the most recent review reported rates of morbidity and mortality of 33% and 8%-34% respectively [5] . Our results compare favorably with these data.
Although well known as a possible complication of DD, few reports of perforation can be found in the literature. In fact, Thorson et al [5] recently reviewed the available literature and found only 162 cases. The leitmotif remains a difficult preoperative diagnosis. Indeed, the symptoms are often non specific and vague. Yet, one of the most frequent patterns of presentation seems to be right upper abdominal pain associated with nausea and vomiting, as found in our series. Moreover, the differential diagnosis is wide and can be confusing. The most difficult differential diagnosis is a perforated duodenal ulcer, which can show the same pattern in the clinic and on CT scan. Since the wide diffusion of CT, the preoperative diagnosis of perforated DD has increased, and this is currently the best imaging modality available. Although the final diagnosis is often made in the operating room, CT is undeniably helpful and can sometimes differentiate perforated DD from a perforated duodenal ulcer.
In addition, perforation may cause retroperitoneal abscesses [16, 17] . However, we did not find extended abscesses of the retroperitoneal area in our case series, probably thanks to the early performance of CT scans (maximum delay of 6 h). Therefore, CT is usually the first diagnostic procedure to be performed even though its specificity is below 100%.
In terms of the location of the perforation, the second and third duodenal portions are involved in most cases [5, 14] , as observed in our series. As a corollary to its rarity, the management of perforated DD remains subject to debate. No surgical guidelines have been published for perforated DD, as only case reports and small series (up to 8 patients) have been reported in the literature [5, 16, 17] . In general, the surgical approach was considered the treatment of choice. However, several recent cases were treated with bowel rest, a naso-gastric tube and antibiotics, with encouraging results in selected patients [5, 15] . If a surgical intervention is highly indicated for unstable patients, the conservative approach deserves consideration since its use appears to be attractive in more stable patients. This option may be particularly useful in a patient of advanced age or in a patient with multiple medical comorbidities who is a prohibitive operative risk [14] . On the other hand, in a patient with mild abdominal symptoms and no evidence of impending sepsis, non-operative management may suffice [14] . Taylor's approach is widely and successfully used for upper digestive perforation and perforated DD could be treated using the same technique. In the present series, the only patient who underwent conservative treatment was selected for such treatment because he presented with mild symptoms and a clear diagnosis was possible preoperatively. Therefore, in selected patients with a precise CT-scan diagnosis and good clinical condition, conservative treatment can be considered.
In terms of surgical approach, several technical options are available, ranging from local excision to the Whipple procedure, depending on the location of the DD and the inflammatory status [18] . Moreover, laparoscopic diverticulectomy has also been reported to give good results [19] . In their recent review, Thorson et al [5] found diverticulectomy to be the most common treatment (49%). In our series, five patients were surgically treated with an almost identical procedure: excision of the DD and direct suture, with a drain placed in the resection area.
Nutritional jejunostomy was performed in three of the five cases and a naso-gastric tube was left in place for at least 7 d. Of note, in one case, a transcystic biliary drain was necessary due to the location of the perforated periampullary DD. This was introduced in order to prevent biliary stenosis in relation to the duodenal suture. Perforation of a DD is a very serious complication and may be fatal. Early CT scan is recommended for diagnosis in suspected cases. Our therapeutic strategy for a perforated DD is resection of the diverticula and direct suture when possible, associated with drainage and placement of a nutritional jejunostomy. A conservative approach is attractive in selected patients.
